Abstract: This paper presents an electric drive system whose motor is connected to a battery by means of a buck DC/DC converter. This motor is further connected to an ultracapacitor by means of a boost DC/DC converter. First, operation and break processes are studied when the converters are switched off as well as when they are switched on in current limitation mode. Then, a comparative analysis of the results in the two operation modes is done.
Introduction


Research and applications of different storage and supply elements are presented in contemporary electrical and hybrid vehicles power supply's systems. Ref. [1] presents a bidirectional buck/boost converter, as the start energy is supplied by ultracapacitor discharge and, during the breaking, the energy charges the ultracapacitor. A control and regulation system is presented as well. The power supply is provided by a supply grid. Similar research is done in Ref. [2] , as the supply comes from a three-phase electrical grid. Ref. [3] describes a bidirectional buck/boost three-level DC/DC converter used together with an ultracapacitor. Ref. [4] reviews several configurations of battery and ultracapacitor connections with different possibilities of energy exchange. The presented solutions use AC electric drive and an inverter. Ref. [5] describes again a bidirectional converter. In Ref. [6] , two bidirectional converters are connected to the DC bus of the photovoltaic system: the first one for the Li-ion battery and the other one for the ultracapacitor. Ref. [7] uses again a DC bus and presents a hybrid system. The bidirectional DC/DC galvanic isolation converter supplied by supercapacitors and fuel cells are presented in Ref. [8] . Similar research is shown in Ref. [9] , where a battery and fuel cell is used. Ref. [10] describes a three-level bidirectional converter for fuel-cell/battery hybrid power system. Part of the research is dedicated to the control systems. The particularities of the control and a new control method for a hybrid system with ultracapacitor for electric drive are presented in Ref. [11] . Ref. [12] uses predictive control in a system with fuel cell and describes hybrid system with numeric control [13] . Other types of converters for hybrid systems are presented in Ref. [14] .
The analysis of recent studies demonstrates that different storage and supply elements are used in different systems. According to the principle of energy consumption, power electronic devices circuits and their control methods are synthesized in different modes.
This paper focuses on an entirely electric drive system, containing battery and ultracapacitor. Its operation is based on the following principle: the energy of the battery is used for the operation of the electric drive in energy motoring mode. In breaking mode, energy recuperation of the electric drive is assured by an ultracapacitor. The ultracapacitor supplies a separate drive that is used only in specific moments, for example a short acceleration. well as current feedback for the control and regulation system are shown.
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Experimental Results
The electric drive used for the experimental research has the following characteristics: power supply voltage 24 V and no load operation-2,000 rpm. At load and 1,800 rpm, the current consumption is 38 А. The battery is a Li-ion battery 36 V/10 Ah. The ultracapacitors are BCAP3000P type-3,000 F, 2.7 V of Maxwell Technologies [15] . Twelve series connected ultracapacitors are used for the experiment. The total capacity is 250 F and voltage is 32.4 V. Voltage equalizers are connected between each two capacitors. Fig. 3 shows the experimental model.
Figs. 4 and 5 presented research result diagrams. СН1 shows the drive voltage. The voltage probe is 1:1. СН2 shows the L-inductor current. The current probe is 10 mA/mV. In Fig. 4 , one can see these value variations at no current limitation start and at breaking with the boost converter switched off. In Fig. 5 , the same values, at current limitation start and at breaking 
Conclusions
This paper presents an electric drive system whose motor is connected to a battery by means of a buck DC/DC converter. This motor is further connected to an ultracapacitor by means of a boost DC/DC converter. This study focuses on the operation of the system during the start of the drive at energy motoring mode with regulation of the limitation current of the buck converter. This result in lower initial start current and a possibility to regulate start rpm. Another part of the research focuses on regenerative breaking mode with current limitation of the boost converter. This results in a 20% higher value of the product ultracapacitor charge current and charge time, than in case of a boost converter switched off. The system can be used for small vehicles.
